In this paper, we study the admissible consensus for descriptor multi-agent systems with exogenous disturbances that are generated by the linear systems. The interactive topology among agents is modeled by directed graphs. By using the graph theory, the generalized Riccatti equation, and by designing the exogenous disturbances observer, conditions for admissible consensus of descriptor multi-agent systems with exogenous disturbances are obtained. Finally, a numerical simulation is provided to illustrate our result.
INTRODUCTION
The descriptor multi-agent system is a combination of the descriptor system and the multi-agent system. In recent years, due to the important theoretical and practical value of the descriptor multi-agent system, the related literatures have been greatly increased. The obvious example is a plurality of interconnected three-link manipulators [1] . As we all know, the consensus problem is the hot topic of coordinated control theory, whose main task is to design distributed protocol according to the information, so that ensure the states of a group of agents can reach an agreement. Up to now, there have been many studies of multi-agent system consensus issues. For example: firstorder system consensus problem [2, 3] , second-order system consensus problem [4, 5, 6] , general system consensus problem [7, 8, 9] . The admissible consensus problems of descriptor multi-agent system are studied in detail in [10] . The necessary and sufficient conditions of consensusability with respect to a set of admissible consensus protocols were investigated in [11] . It is worth mentioning that the observer-based design approach of [8] that can solve the consensus problem of general system was generalized to resolve the descriptor consensus problem in [12] . In [13] , a distributed observer is used to solve the admissible consensus problem of descriptor multi-agent system, and a new framework is proposed. However, in the real life, the exogenous disturbances exist and cannot be neglected, so this paper studies the admissible consensus problem of descriptor multi-agent system with exogenous disturbances. Many researchers have studied the consensus problem of multi-agent systems with exogenous disturbance [14, 15, 16, 17] . In addition, the literature [18] also studied the consensus problem of linear multi-agent systems with exogenous disturbances generated from heterogeneous exosystems. However, there is little research on the admissible consensus problem for descriptor multi-agent systems with exogenous disturbances. For example, the literature [19] is studied cooperative output regulation of singular heterogeneous multi-agent systems.
This situation also appears in other literature, and there is few relevant results on this issue. So, in this paper, we proceeded to study the admissible consensus problem of descriptor multi-agent system with exogenous disturbances. The main contributions of this paper are: (1) Consider a descriptor multi-agent system with exogenous disturbances, the consensus problem solution of linear system is extended to the descriptor multi-agent system. (2) The disturbance observer for descriptor multi-agent system is designed by state feedback. (3) Disturbance observer is used for disturbance attenuation. The rest of the paper is organized as follows: In Section 2, we introduce some basic concepts and related theorems to describe descriptor multi-agent systems . And the formulation of the considered problem is introduced. In Section 3, the disturbance observer based on the state feedback control protocol is proposed, the corresponding distributed control protocol is designed and sufficient conditions that ensure the states of a group of agents can reach an agreement are obtained. Section 4 gives an numerical example. Finally, conclusions are given in Section 5.
PRELIMINARIES AND PROBLEM FOR-MULATION
Consider a multi-agent system composing of identical agents. The dynamic of agent is modeled by the following descriptor system:
where ( ) ∈ ℝ is the state variable, ( ) ∈ ℝ is the measured output, ( ) ∈ ℝ is the control input, ( ) ∈ ℝ is bounded exogenous disturbance, = 1, 2, ⋅ ⋅ ⋅ , . , , , , are real constant matrices with appropriate dimensions. Suppose that the disturbance ( ) is generated by the following linear exogenous system:
where ( ) ∈ ℝ is the state of the exogenous system. ∈ ℝ × and ∈ ℝ × are the matrices of the disturbance system. Definition 1 First, we introduce some basic concepts of descriptor systems, which can be found in [16] 
is the real part of the plural).
The descriptor multi-agent system (1) is said to achieve consensus, if the states of all agents satisfy:
for any initial state (0), = 0, 1, ⋅ ⋅ ⋅ , , We say the protocols , = 1, 2, ⋅ ⋅ ⋅ , , can solve the descriptor admissible consensus problem if the closed-loop system is admissible and achieves consensus. The information interaction topology can be modeled by a weighted digraph = { , , }, where = { 1 , ⋅ ⋅ ⋅ , } is the set of vertices, ⊂ × is the set of edges, and a weighted adjacency matrix = [ ] has some nonnegative adjacency elements . The neighbor set of node is defined by
. Then the Laplacian matrix of is defined as = − , which has at least one zero eigenvalue with 1 = [1, 1, ⋅ ⋅ ⋅ , 1] as its corresponding right eigenvector. Furthermore, has exactly one zero eigenvalue if and only if the directed graph contains a directed spanning tree.
MAIN RESULTS
In this section, the distributed control problem of exogenous disturbances will be solved by disturbance observers.
× is the internal state variable of the observer,â ndˆare the estimated values of and , respectively. ∈ ℝ × is the gain matrix of the observer. Denoting = −ˆfrom (2),(3) and (7),
we can get the form of the observers (7), which can guarantee that the errors of observers converge to 0 under the assumption that + is Hurwitz. Consider the following distributed control protocol
where K is the gain to be designed. 
with being a unique admissible solution of (4).

Proof:˙=
Then, after manipulations with combining (8) and (10), the equivalent dynamics for the closed-loop system can be expressed as
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Since the interaction topology contains a directed spanning tree, then 0 is the simple eigenvalue of . Let = ( 1 , 2 , ⋅ ⋅ ⋅ , ) be the left zero eigenvector of with 1 = 1. With the help of the Jordan decomposition theory, there exist a transformation matrix = [1, 1 ] and
, therefore,
, where Λ is the Jordan block diagonal matrix. The diagonal entries of the upper triangular matrix Λ are non-zero eigenvalue of . With variable substitution¯= ( (11) . So (11) can be divided into the following two subsystems:˙0
On the other hand, we can get
Obviously, if the system (13) is admissible, we can get
Next, we prove that the descriptor system (13) is admissible. Due to + is a Hurwitz matrix, the admissibility of the system (13) is equivalent to the admissibility of all pairs ( , − ). According to Lemma 1, P is a unique permissive solution of (4), so ( , − ) is admissible. Due to − = − , where
. Now, the proof is completed.
SIMULATIONS
In this section, a simulation result is presented to illustrate the previous theoretical results. The network includes three agents. The topology can be described in Figure 1 Initial state: Figure 2-4 show the states trajectory of all agents, indicate that the states of the multi-agent are agreed by protocol (9) . The time evolutions of errors are depicted in Figure 5 -7, it can be seen that the errors go to zero asymptotically.
CONCLUSION
In this paper, we study the admissible consensus for descriptor multi-agent systems with exogenous disturbances. A design method of disturbance observer for descriptor multi-agent system is proposed. So that the states of multiagents to reach an agreement. Through the use of graph theory, the generalized Riccatti equation, we can obtain conditions for admissible consensus of descriptor multiagent systems with exogenous disturbances. The future work is to consider the admissible consensus of the descriptor multi-agent system with the leader.
